ABSTRACT: In recent years, container ships have had to transport more and more goods due to constantly growing demand. Therefore, the container ships for carrying these goods are growing in size, while the harbors fall short in adapting to these changes. As a result, the berthing of these container ships in harbors has become more challenging for harbor pilots. In this work, we identify problems and risks with which pilots are confronted during the berthing process. First, we analyzed approximately 1500 accident reports from six different transportation safety authorities and identified their major causes. Second, we conducted an ethnographic study with harbor pilots in Hamburg to observe their actions. Third, we gained more specific insights on pilots environments and communications through an online survey of 30 harbor pilots from different European countries. We conclude our work with recommendations on how to reduce problems and risks during berthing of container vessels.
INTRODUCTION
Over the past years, container ships have steadily been growing in size cf. [3] . This development is mainly caused by a higher demand, which requires these container vessels to transport more and more goods. But the constant lengthening, widening, and deepening of these ships is becoming a huge problem when it comes to safely maneuvering in harbor areas. "Most ship collisions, allisions, and groundings occur in harbors, because that is where navigation becomes restricted by land, shallow water, other vessels, and man-made structures like jetties, bridges, and piers" (cf. [5] ). To ensure safety in harbor maneuvers, all relevant countries in the world are obligated to have pilots (e.g., in Germany cf. [7] ). Pilots are experts for specific areas and support the ship crew with important information about water depths, currents, and maneuvers. Even if the responsibility for the ship remains with the captain, pilots often take over control and give steering commands directly to the helmsman. Therefore, the pilot has to be aware of the current situation, including all environmental factors to avoid collisions or grounding. Understanding the situation is of high importance because each error has the potential to cause a collision or grounding [11] . However, accident reports reveal that pilots have problems monitoring their environments successfully. As a result, accidents happen on a regular basis as shown in this work.
In this work, we want to investigate container ship berthing from the pilot's perspective to identify situations that are critical and lack technical support. Therefore, we ask the following research questions: (RQ1) What were the most common causes for container ship accidents in harbor areas in the past? (RQ2) What are the problems pilots have to face during the berthing process of container ships nowadays? 
__________________________________________________________________________________________________
To answer our first research question (RQ1), we identified problems and risks with which harbor pilots were confronted during the berthing of container ships in the past. We identified these problems and risks by analyzing approximately 1500 accident reports from six different transportation safety authorities. Here, we identified the accident reports involving container ships in harbor areas and categorized them with respect to the most common causes of these accidents. To answer our second research question (RQ2), we conducted an ethnographic study in the harbor of Hamburg. Using the results from our accident analysis, we were able to identify critical aspects of the berthing process that are problematic to the same extent today as they were in the past. However, we also identified problems that became more relevant in recent years. To ensure that the results from our ethnographic study are generally valid, we conducted an online survey with 30 harbor pilots from different European countries. This gave further insights into these critical aspects.
ACCIDENT REPORT ANALYSIS
Knowing the past is the first step to understanding the present and taking actions for the future. Therefore, our first research question (RQ1) addresses the past by looking into the most common causes for container ship accidents in harbor areas. To understand these most common causes for container ship accidents in harbor maneuvers we looked into accident reports of different authorities. However, analyzing accident reports to gather insights is an usual method in the maritime research. [12] analyzed 100 accidents and found that the major types of human error that contribute to accidents are the result of wrong habits, wrong diagnoses, lack of attention, lack of training, and unsuitable personality. In general, about 75-96% of marine casualties are caused, at least in part, by some form of human error [9] . This is understandable, since a maritime system is a system of people. To systematically investigate accident reports, several different methodical approaches were presented in related work (e.g., [8] or [4] ). More recent research shows that, over the last decade, the human error could still not be reduced and that a lack of situation awareness still dominates most accidents caused by human error [1] . The importance of situation awareness was already identified in 2002 by [6] 
Statistics
Depending on the national traffic of the transportation safety authorities, acci-dents with different types of vessels are reported (e.g., fishing vessels, passenger ships, bulk carriers, tankers, etc.). However, all authorities that we included in our accident analysis are investigating accidents with container ships. There-fore, we identified all accident reports that involved container ships, which were 223 out of 1.492 accident reports (14.9%) (see Table 1 ). We crawled all published accident reports from all transportation safety authorities, deciding not to use predefined time windows. Therefore, the periods of these reports vary among the different authorities (e.g., the accident reports from USCG start in 1956, although container ships were not existing at that time).
Since our focus is investigating harbor maneuvers, we divided the container ship accidents into different categories (in harbors, in rivers, in open sea). These categories reveal that container ship accidents happen more often in harbor areas than in river or sea areas, evidenced by were 76 out of 223 reports (34.1%). However, that is only two more accidents than in rivers (74/223, 33.3%), and three more than in open sea (73/223, 32.7%). Still, it means that a third of all container ship accidents happen in harbor areas.
As a next step, we took all 76 accident reports of container ships in harbors as our subset to further analyze. We identified several different accidents: injuries (34/76, 44.7%), collisions (29/76, 38.2%), groundings (5/76, 6.6%), fires (3/76, 3.9%) and other (5/76, 6.6%). Here, injury is the most common type of accident. This includes, for example, pilots falling off of their ladders, or crew members losing balance and falling into the water or from a platform on the ship. Many of those accidents are fatal. We manually identified what caused these accidents: human errors (41/76, 53.9%), technical issues (26/76, 34.2%) and external factors (9/76, 11.8%). Human errors are mistakes made by pi-lot or crew member that lead to incidents such as falling off a ladder, whereas technical issues refer to equipment problems, such as a ladder falling apart even though all routines and checks were successfully implemented. An external factor in this scenario could be an unpredictably high wave hitting the pilot on the ladder. However, unpredictably high waves are not a phenomena of harbor areas. Here, we refer to bad weather conditions such as fog or heavy rain.
External factors
In previous work, the causes stated by accident reports are mostly human error or technical issues. However, we believe that external factors, especially weather conditions, also play an important role. In the following section, we listed some of those accidents that were to some extent caused by unforeseen weather conditions or restricted visibility.  MAIB, Report No 22/2013. The vessel's bridge team lost situational aware-ness in dense fog as the vessel maneuvered from berth on the north shore, before grounding on the opposite side of the river.  BSU, Investigation Report 507/11. There was a strong rising tide and visibility was very impaired due to fog.  MAIB, Report No 8/1998. The pilot could not see the tug from the bridge and assumed that she had been running with the ship stern-to-stern, from which position it would have been relatively easy for the tug to position herself on the ship's port quarter.
Discussion
To summarize our results from the accident report analysis, we can say that container ship accidents often happen in harbor areas (34.1%). To answer our research question (RQ1), the most common causes are human errors (53.9%) and technical issues (34.2%). [10] give detailed insights on human errors in accident reports. However, we also identified external factors as a common cause for maritime accidents (11.8%). When an external factor is the cause listed in an accident report, it typically refers to restricted visibility. The recommendation given by many accident reports is knowing the operational limits (e.g., for operations in dense fog). However, even with a good weather forecast, it is not uncommon that a weather change surprises operators and maneuvers cannot be stopped. For the future, it would make sense to develop technical solutions to solve the problem of restricted visibility.
ETHNOGRAPHIC STUDY
After investigating the most common causes for accidents in the past, we want to understand which problems pilots are facing during the berthing process nowadays (R2). Furthermore, while accident reports describe accidents fairly well, they do not give us a good understanding of the procedure and relevant information for pilots during the docking process. To address both points, we conducted an ethnographic study on a container vessel. The vessel is called 'Choapa Trader' (IMO number 9407885) and it is a container vessel. The dimensions of the ship are 294.1 meters long and 32.29 meters wide. The ship has a gross tonnage of 52.726 tons and was built in 2009. The vessel was going from Bremerhaven to Hamburg (both cities in Germany).
Observations
During our observations, we took pictures and wrote a protocol of all the pilots' actions that we observed. These pictures are available for free on Github (https://github.com/UweGruenefeld/EthnographicStu dy). We observed that, along the way from Bremerhaven to Hamburg, at every point in time there was one pilot on board. The only exception was within the harbors, where two pilots were supporting the put out to sea and the ship berthing. The pilot change always started with the old pilot leaving the ship bridge. The new pilot then boarded on the lee side of the ship. Before the old pilot left the ship, both shortly exchanged important information about the ship maneuverability, unusual events etc. After that the new pilot goes to the ship bridge and the old pilot leaves the ship via a pilot ladder onto the pilot ship.
To summarize our observations on the ship bridge, we classified our gathered data into three main categories.
Environment We observed that many different objects in the environment are relevant almost simultaneously (tugboats, buoys, moored ships, bypassing ships, quay walls) all while the tugboats were moving quickly around the ship and changing their positions. However, in many points of time the tugboats or other objects were not visible for the pilot because of occlusion (e.g., by container) or daytime / weather conditions (e.g., upcoming fog). Interestingly, pilots preferred to make eye contact with static objects to understand their ship's movement (e.g., in the last part of the docking process they looked at the quay wall and evaluated how fast their vessel approached it).
Behavior Interestingly, harbor pilots prefer to be on the outside of the ship bridge. This is mostly because they want to make eye contact with the tugboats or other important objects around (e.g. quay walls, buoys). The closer an object is, the more important is it for the pilots. But because their vision is occluded by containers or other parts of the ship, pilots have to move around on the ship bridge to find the best position for seeing the important objects around. However, in many situations they cannot observe all objects at the same time, and therefore have to make assumptions about their positions.
Communication Since two pilots assists in the docking process, one of them takes over the communication with persons that are not located on the ship bridge (e.g., tugboat drivers, on-shore workers). This communication is done via UKW or VHF. Commands on the ship bridge are given verbally to the people. During our observation, it became clear that pilots often had to repeat parts of their commands because they were hard to understand, due to environmental conditions (e.g., background noise, wind).
Interviews
During the trip from Bremerhaven to Hamburg we conducted semi-structured interviews with the captain of the ship and boarding pilots. In the first part of the interview, we talked about demographics and experience on container vessels. All participants of our interviews were male. The captain was 45 years old and had 28 years of experience as a mariner. The pilots were between 34 and 42 years old and had between 5 and 14 years of experience as mariners. Overall, we asked four participants (one captain and three pilots).
In the second part of the interview, we asked questions about the ship berthing process. All participants agreed that berthing the ship is by far the most difficult part of the job. We asked the participants if they can state why they think berthing a container vessel is so difficult. In their answers, our participants came up with three main contributing factors explaining why ship berthing is difficult: (1) large container vessels move into small ports involving many other entities such as tugboats or buoys, (2) many people assist in the docking process and the communication among them is difficult, and (3) a stream of information during each docking process has to be processed, and important information in this stream has to be identified quickly. Furthermore, participants stated that a lot of information is not available at any moment because it either takes too long to get the information, or the information is simply not available. The combination of all these factors makes the berthing process highly mentally demanding for the pilot.
In the third and last part of the interview, we asked the participants if they had any ideas for new technologies that might help making harbor maneuvers more safe. The following is a list of these ideas:  Augmenting the ship bridge windows with information during river maneuvers. Thereby, mariners can observe the environment, and at the same time keep track of the instruments.  The field of view on ship bridges is quite limited, which is not a problem in most cases. However, in docking scenarios, it is very difficult to keep track of objects that are close to the ship.  Because the pilots like to have eye contact with their environments, it is important to be unrestricted in moving around on the ship bridge. For example, notebooks that some pilots use pose a problem, because they do not allow pilots to move on the ship bridge.  One pilot said that in some scenarios it would be helpful to be able to interact with the portable pilot unit (PPU) in a hands-free operation mode.
Some of the pilots mentioned the idea of virtual objects replacing real objects. Using this approach, they would be able to see virtual buoys, which would not only be much easier to keep up-to-date, but also would be visible even if occluded by something else.
Most interestingly, all pilots stated that they like new technologies in general. One pilot mentioned in particular the experience he had when PPU's were introduced. He said his first impression was that it would not be useful. However, it became a helpful tool, one without which he would not want to work.
Discussion
During the ethnographic study, we observed that pilots wanted to have eye con-tact with objects around them in order to be aware of their positions. This was especially true for objects that were very close. With regard to our accident analysis, it became clear why many accidents happen in restricted visibility. Keeping eye contact with surrounding objects is not possible in that situation, and current technologies are not suited to assist because either it is technically challenging to monitor close objects or the virtually perceived information does not feel wellintegrated into the real environment. A cognitive process is necessary to integrate the virtual information into the real world. Additionally, we observed that the communication with tugboat drivers and other workers is quite error-prone. The insights gained from our ethnographic study already show possible answers to our research question (R2). However, to ensure that the results from our ethnographic study are generally valid, we conducted an online survey with harbor pilots.
ONLINE SURVEY WITH HARBOR PILOTS
During our ethnographic study we identified problematic factors that might lead to new accidents in the future (e.g., communication between pilots and tugboat driver seems to be rather error prone). However, the study was limited to experiences made in one harbor. To identify the most important problems, we needed to further understand the environments in which harbor pilots work and to identify which problems persist across harbors. To investigate these aspects, we designed an online survey that we conducted with harbor pilots from different countries.
Design
In our survey, we first wanted to understand more about the environment in which harbor pilots work. Therefore, we asked questions about the working environment. As a next step, we asked more specific questions regarding the communication between pilots and tugboat drivers during the docking process, because we had identified this as a critical aspect during our ethnographic study. We closed the survey with questions asking about the demographics of the harbor pilots.
Pretest
Before asking pilots to participate in our survey, we did a pretest with an experienced pilot from Germany. Mainly, we focused the pretest on understand-ability and acceptability. First, we asked the pilot to fill out the questionnaire and make notes during that process. Apart from minor corrections, the survey was understood well. However, some questions were read with concern by our experienced tester. It was said that a survey that raises the impression that technology will improve jobs in the future also creates the fear of jobs becoming redundant and replaced by technology. Therefore, we had to make sure that this was not the impression one would get from reading the questions in our survey. To further ensure this, we added a detailed introduction explaining the reason for the survey.
Participants
Overall, 30 harbor pilots (no female), aged between 35 and 63 (M=50.27, SD=7.22) participated in our online survey. Sixteen pilots were German-speaking, and mainly from the ports in Hamburg and Bremerhaven. 14 pilots were English-speaking, from ports distributed over Europe (e.g., Rotterdam, Antwerp). The experience of participants ranged from one to 26 years with an average of 15 years (M=14.97). Moreover, none of the harbor pilots in our survey worked as a pilot in a different area before (e.g., river pilot). We recruited the participants by manually crawling harbor pilots homepages in Europe and contacting them via e-mail.
Results
In this section, we report the results of our online survey in the same order the questions appeared within the survey. 
Discussion
The results of our online survey show that most of the problems identified in the ethnographic study in Hamburg also apply to other European harbors. The communication with six different parties at the same time is especially mentally demanding. Given the error-prone technology, it became clear why accidents with wrongly positioned tugboats happen quiet frequently. Furthermore, it explains why almost all pilots (83.3%) recalled having experienced safetycritical situations due to miscommunication. With container ships increasing in size, this is a serious problem that needs to be dealt with in the future.
RECOMMENDATIONS
Based on our findings from the accident analysis, the ethnographic study and the online survey, we have come up with the following recommendations to reduce problems and risks during the berthing process of container vessels:
Human error. Support the human in the decisionmaking process to avoid human error. As mentioned earlier, ship bridges are technical systems that mainly consist of humans. Developing systems that support humans may reduce the number of human errors in those systems.
Situation Awareness. In many accident reports, we found that a lack of situation awareness leads to wrong decisions, causing most collisions. Therefore, we want to highlight the importance of Bridge Resource Management for situations of navigation with a pilot on board, and to effectively communicate decisions, as suggested by [2] .
Near-distance Radar. During our studies, we observed that information about the position of nearby objects is required to successfully berth a large container vessel. Therefore, we suggest to assist pilots in harbor maneuvers with a novel radar system that allows pilots to effectively monitor near-by objects. Existing radar systems cannot solve this problem for two reasons: (1) objects that are coming too close will not be visible in the radar, and (2) the mapping of these objects onto a 2D screen makes it harder for pilots and seafarers to understand the positions of these objects in the real world. Therefore, we suggest the use of head-mounted Augmented Reality glasses to overlay the real world with information about the positions of occluded objects.
Communication. During the ethnographic study and online survey, we identified another important issue: the communication of the pilots with the tugboat driver. In our accident report analysis, we saw a couple of accidents that were caused by misunderstandings between the pilot and tugboat driver. Here, it is contradictory that each harbor implements its own speech commands. Furthermore, it is problematic that pilots do not have an effective way to monitor whether the tugboat driver implements the given instructions.
CONCLUSION
In our work, we investigated the berth of container ships from the pilot's perspective. We revealed that more than one third of all container ship accidents happen in harbor environments. Furthermore, our ethnographic study showed that pilots face problems when monitoring their environments because many objects are hidden behind containers or not visible due to bad weather conditions. In a following online survey of pilots, we identified the communication via UKW/VHF as problematic due to missing standards and technical limitations. We think our work is a first step towards a better understanding of the ship berthing process and its associated problems. Future work can be built upon this work to develop solutions for solving the identified problems.
